Abstract. In this study, we examined the efficacy and toxicity of S-1 with cisplatin as a second-line palliative chemotherapy for gemcitabine-refractory pancreatic cancer patients. Patients who had been previously treated with gemcitabine-based chemotherapy as palliative first-line chemotherapy received S-1/cisplatin [body surface area (BSA) <1.25 m 2 , S-1 40 mg/ day; BSA ≤1.25 to <1.5 m 2 , 50 mg/day; BSA ≥1.5 m 2 60 mg/ day, orally, bid, daily on days 1-14 followed by a 7-day washout and cisplatin 60 mg/m 2 /day intravenously on day 1] every three weeks. The enrollment of 32 patients was planned, but the study was terminated early, prior to the first stage, following the enrollment of 11 patients. The median age of the patients was 56 (range, 42-74) years. Nine patients had a performance status (PS) of one. In total, there were 21 chemotherapy cycles and the median treatment duration was 21 (range, 7-96) days. Of the 11 patients, five could not be evaluated due to discontinuation prior to the response evaluation. One of the six evaluable patients achieved stable disease (9.1% in intention to treat analysis and 16.7% in per-protocol analysis), while five had progressive disease. Grade 3-4 hematological toxicities were anemia in one, neutropenia in one and thrombocytopenia in one cycle. Grade 3-4 nonhematological toxicities were fatigue in three, nausea in four, anorexia in two, diarrhea in one and peripheral neuropathy in two cycles. With a median follow-up period of 8.9 (range, 3.2-11.3) months, the median time to progression was 44 days [95% confidence interval (CI) 25.4-62.6] and the median overall survival was 81 days (95% CI 9.3-152.7). Combination chemotherapy with S-1 and cisplatin as applied in this study did not result in promising antitumor activity, a high degree of toxicity and poor compliance.
Introduction
The prognosis of patients with advanced pancreatic carcinoma is extremely poor despite numerous trials with palliative chemotherapy or radiotherapy. Systemic chemotherapy with gemcitabine has been the standard chemotherapy for advanced pancreatic cancer since the mid-1990s (1) . However, there is no standard second-line chemotherapeutic drug in cases refractory to or recurring following gemcitabine therapy. The median survival rate with best supportive care in patients who have failed gemcitabine therapy is approximately two months (2, 3) . Approximately half of patients with gemcitabine-pretreated disease may be candidates for further treatment. Data supporting the use of second-line therapy compared with best supportive care are lacking. Although there have been reports of clinical trials of second-line therapy in advanced pancreatic cancer, most of these have been published in abstract form with a small number of patients. Therefore, there is a continuing need for clinical trials with a new agent for advanced pancreatic cancer in cases of gemcitabine failure.
S-1 is a fourth-generation oral fluoropyrimidine that has been reported to be active with tolerable toxicity against gemcitabine-refractory pancreatic cancer (4-6) and chemotherapy-naïve pancreatic cancer (7, 8) , although most of the studies have been case reports or retrospective studies. The superior effect of combination therapy with cisplatin compared with 5-fluorouracil (5-FU) monotherapy has been Phase II study of palliative S-1 in combination with cisplatin as second-line chemotherapy for gemcitabine-refractory pancreatic cancer patients demonstrated in advanced pancreatic cancer (9, 10) . Thus, we conducted the present phase II study to investigate the feasibility and efficacy of S-1 in combination with cisplatin as palliative chemotherapy for gemcitabine-refractory advanced pancreatic cancer patients.
Patients and methods
Ethics. This was a prospective multicenter study. All patients provided written informed consent. In total, three centers participated. This study was approved by the Institutional Review Board (IRB) of each center and was conducted in accordance with the Declaration of Helsinki.
Patients. The inclusion criteria for this study were: i) histologically or cytologically proven pancreatic adenocarcinoma and unresectable locally advanced or metastatic disease; ii) at least one measurable lesion according to Response Evaluation Criteria in Solid Tumors (RECIST) (11); iii) prior chemotherapy with gemcitabine-based palliative chemotherapy; iv) the ability to take oral medications; v) age, >18 years; vi) an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0-2; vii) adequate bone marrow function (white blood cell count ≥4,000/mm 3 , neutrophil count ≥2,000/mm 3 and platelet count ≥100,000/mm 3 ); viii) adequate renal function [serum creatinine level ≤1.5 mg/dl or creatinine clearance level (Ccr) ≥50 ml/min]; ix) adequate liver function [total bilirubin ≤3x UNL (if due to underlying liver metastasis, then total bilirubin may be ≤5x UNL); aspartate transaminase (AST) and/or alanine transaminase (ALT) ≤2.5x UNL (if liver function abnormalities were due to underlying liver metastasis, then AST and/or ALT may be ≤5x UNL)].
The exclusion criteria for this study were patients who: i) had received chemotherapy or radiotherapy within 3 weeks; ii) had previously received an oral fluoropyrimidine; iii) had central nervous system metastases; iv) had an active infection or uncontrolled concurrent medical illness; v) had a history of other malignancies; vi) were pregnant or lactating; vii) had severe neurological impairment, a mental disorder or any severe drug-induced allergy. ) was administered as a 60-min intravenous infusion on day 1 with adequate hydration. The treatment courses were repeated every three weeks. Antiemetic prophylaxis, including aprepitant, a 5-HT3 antagonist and dexamethasone, was used. Prophylactic myeloid growth factors were not administered prior to the first cycle.
Dose modification.
Modifications to the S-1 or cisplatin dose were made in patients who had any of the following: a leukocyte count <1.0x10 3 /µl, a neutrophil count <500/µl, a platelet count <2.5x10 4 /µl, grade 3-4 febrile neutropenia or grade 3-4 non-hematological toxicity, based on the most severe grade of toxicity that had occurred during the previous cycle. Treatment was delayed for up to three weeks in patients with persistent symptomatic toxicity, absolute neutrophil counts <1,500/µl or platelet counts <100,000/µl. The dose of S-1 was decreased in a stepwise manner by up to two levels as follows: BSA <1.25 m 2 , from 40 to 25 and 20 mg/dose; BSA ≥1.25 to <1.5 m 2 , from 50 to 40 and 25 mg/dose; BSA ≥1.5 m 2 , from 60 to 50 and 40 mg/dose. Additionally, the dose of cisplatin was decreased according to the serum Ccr as follows: Ccr ≥60 ml/min, no reduction; Ccr >40 ml/min to <60 ml/min, reduced to 30 mg/m 2 ; Ccr <40 ml/min, administration of cisplatin was stopped. Treatment was continued until signs of disease progression or unacceptable toxic effects developed or until a patient refused further treatment.
Pretreatment evaluation. Baseline laboratory analyses [blood cell count, serum creatinine, bilirubin, AST, ALT, alkaline phosphatase, lactic dehydrogenase and carbohydrate antigen (CA) were performed within one week of starting the first cycle of therapy and tumor status was assessed using computed tomography (CT) within 4 weeks.
Assessment of efficacy and toxicity. Tumor assessments, using CT of the lesions, abdomen, pelvis and/or chest, were performed at baseline and repeated every 3 cycles using RECIST (11) . The tumor marker CA 19-9 was checked every three cycles. A physical examination, including weight and toxicity assessments, ECOG performance status, complete blood count and blood chemistry, was performed prior to each cycle. Toxicity was graded according to National Cancer Institute Common Toxicity Criteria (NCI-CTC), version 3.0. Treatment-related mortality (TRM) was defined as mortality that occurred within 30 days of treatment initiation.
Statistical analysis. The primary endpoint was response rate and the secondary endpoints were safety, time to progression (TTP), disease control rate and overall survival (OS). The sample size in this trial was calculated to reject a 5% response rate in favor of a target response rate of 20% with a significance level of 0.05 and a power of 80%, using Simon's optimal two-stage design. In the initial stage, in total, 10 evaluable patients were to be entered and evaluated for a response. If there was no response, accrual was to be terminated. If any response was observed in the first stage, then 19 additional patients were to be entered in the second stage, to achieve a target sample size of 29 evaluable patients. Further assessment of the regimen was thought to be necessary if more than three responses were observed in the 29 patients. Considering a withdrawal rate of 10%, the total target number was calculated to be 32 patients.
Assessment of the response rate was performed using the intention to treat (ITT) and per-protocol (PP) analyses. TTP and OS were calculated using the Kaplan-Meier method. Survival curves were compared using the log-rank test. Tests were two sided and p<0.05 was considered to indicate a statistically significant result. TTP was calculated from the date therapy was initiated to the date of disease progression, mortality or final follow-up. OS was calculated from the date therapy was initiated to the date of mortality or final follow-up.
Results
Patient characteristics. Between October 2009 and June 2010, in the stage I analysis, 11 patients were enrolled in this prospective study. The median age of the patients was 56 (range, 42-74) years. The male:female ratio was 7:4. Of the 11 patients, nine had a PS of one and two had a PS of two when enrolled. There were six (54.5%) cases of primary tumors in the head, two (18.2%) cases in the body and three (27.3%) in the tail portion of the pancreas. Of the 11 patients, nine (81.8%) had distant metastases, while the remaining two (18.2%) had locally advanced disease. Six (54.5%) patients had elevated CA 19-9 levels when enrolled ( Table I) .
Delivery of drugs.
In total, 21 cycles of therapy were administered, with a median of 1.5 (range, 1-5) cycles per patient and a median treatment duration of 21 (range, 7-96) days. The average relative dose intensities of S-1 and cisplatin were 0.98 and 0.91, respectively. Dose reduction for S-1 was required in one patient (two cycles) due to non-hematological toxicity, including diarrhea and fatigue. Dose reduction for cisplatin was required in two patients (three cycles) due to nausea and vomiting in one case (two cycles) and peripheral neuropathy in the other case (one cycle).
Tumor responses. Of the 11 patients enrolled in this study, six were evaluable in terms of treatment response. Five patients could not be evaluated for the following reasons: three withdrew consent due to therapy-related toxicities and worsening of their general condition and two died prior to the response evaluation. None of the six evaluable patients achieved a complete or partial response. Only one patient (9.1% by ITT analysis and 16.7% by PP analysis) achieved stable disease and five had progressive disease (Table II) .
Survival (TTP and OS).
The patients were evaluable for the survival analysis. With a median follow-up of 8.9 (range, 3.2-11.3) months, the median TTP was 44 days [95% confidence interval (CI) 25.4-62.6] and the median OS was 81 days (95% CI 9.3-152.7). Kaplan-Meier curves for TTP and OS are shown in Fig. 1 .
Toxicities. Grade 3-4 hematological toxicities included anemia in one cycle, neutropenia in one cycle and thrombocytopenia in one cycle. Grade 3-4 non-hematological toxicities included ITT, intention to treat; PP, per-protocol.
Figure 1. Kaplan-Meier curves for (A) the time to prognosis (TTP) and (B) overall survival (OS).
A B fatigue in three cycles, nausea in four cycles, anorexia in two cycles, diarrhea in one cycle and peripheral neuropathy in two cycles (one patient). There were two TRMs. The cause of mortality in the first case was septic shock associated with grade 3 neutropenia following the first cycle; in the second case, the patient died suddenly without documented cause following the second cycle. These toxicities are shown in Table III . This study was terminated early, prior to the first stage, without reaching 10 response-evaluable patients due to severe toxicity, including TRM, and poor compliance, by agreement of the investigators and the IRB.
Discussion
Pancreatic cancer is the fourth most common cause of cancer-related mortality in the US (12) . In Korea, the incidence of this disease has increased. In 2009, the disease ranked 9th in incidence in Korea according to an annual report of cancer statistics; for cancer-related mortality, the disease ranked 5th (5.8% of the total). The prognosis of locally unresectable or metastatic pancreatic cancer remains extremely poor. Gemcitabine monotherapy or gemcitabine-based combination therapy, according to PS, has been the standard systemic therapy for advanced pancreatic cancer. FOLFIRINOX has been recommended as a first-line therapy with gemcitabine monotherapy or a gemcitabine-containing double regimen, based on a published phase III trial in which patients with metastatic pancreatic cancer showed marked improvements in median progression-free survival (PFS) (6.4 vs. 3.4 months; p<0.0001) and median OS (10.5 vs. 6.9 months; p<0.001) (13) . While first-line therapy has been established in advanced pancreatic cancer, there is no consensus with regards to a second-line therapy for advanced pancreatic cancer, particularly in gemcitabine-refractory cancer. It is difficult to conduct a clinical trial for second-line chemotherapy in advanced pancreatic cancer due to the rapidly progressive nature of the general condition and the lack of agents active in pancreatic cancer. However, it has been reported that 55-60% of patients had a relatively good PS following the failure of first-line therapy; thus, physicians should consider second-line therapy in such patients (14) .
The results of previous studies concerning oxaliplatin (15) , ralitrexed (16) , paclitaxel (17) and pemetrexed (18) monotherapies in the second-line treatment of pancreatic cancer have revealed modest antitumor effects with no survival benefit. Studies have also reported combination chemotherapeutic regimens as second-line therapies for advanced pancreatic cancer. A representative study of second-line chemotherapy in pancreatic cancer is the CONKO-003 trial. In a preliminary report from the CONKO-003 trial, the use of second-line chemotherapy was compared with best supportive care (2). The study revealed the benefit of combination therapy with oxaliplatin, 5-FU and leucovorin as a second-line therapy compared with 5-FU and leucovorin (19) . There have been other studies concerning combination chemotherapy for second-line therapy in pancreatic cancer with biological agents. However, the results are generally modest and preliminary (20, 21) .
S-1, an oral agent, consists of a mixture of tegafur, 5-chloro-2,4-dihydroxypyridine and potassium oxonate at a molar ratio of 1:0.4:1. The antitumor effect of S-1 in advanced pancreatic cancer as a first-or second-line therapy has been reported in Japan (8, (22) (23) (24) . Generally, the antitumor effect was promising and the toxicity was tolerable in these studies. In view of the favorable toxicity profile of S-1 monotherapy, its combination with other agents may improve therapeutic results.
The addition of cisplatin offers the possibility of a synergistic antitumor effect, beyond that observed with S-1 monotherapy. Cisplatin combined with 5-FU appears to be promising in metastatic pancreatic carcinoma, with a 26% response rate and a median survival rate of 7 months in a phase II trial (10) . In a randomized trial comparing 5-FU with 5-FU plus cisplatin, FU-cisplatin was found to be superior to FU in terms of response and PFS, but not OS (9, 10) . The combination of S-1 and cisplatin has also been adopted in advanced gastric cancer, based on previous studies which revealed that combination therapy with S-1 and cisplatin had promising effects with tolerable toxicity (25, 26) .
Although this study was conducted based on published data similar to those above, the results were disappointing compared with those of previous studies concerning monotherapy in advanced pancreatic cancer as a second-line therapy. The cause of the poor response and poor compliance may have been the rapid worsening of the general condition of the patients. In contrast to our results, Togawa et al (27) revealed that S-1 with cisplatin had promising effects in patients who failed postoperative gemcitabine treatment for pancreatic cancer. In that study, the dose of cisplatin was 40 mg/m 2 and it was administered on day 8 every five weeks, to avoid the severe toxicity of cisplatin. Additionally, the group of patients had relapsed following postoperative gemcitabine treatment, unlike our patients who failed first-line palliative chemotherapy containing gemcitabine. These patients may have had a relatively good PS and maintained a good general condition relatively longer than those in our group. Additionally, in their group, there was no patient with previous exposure to cisplatin, unlike our group. These factors may explain the differences between our results and those of Togawa et al (27) . In this study, one patient achieved stable disease. However, this patient experienced severe adverse events, including anorexia and nausea, and ultimately did not undergo more than 5 cycles. In the present study, we observed several types of hematological and non-hematological severe adverse events, including anorexia, nausea, fatigue, peripheral neuropathy and cytopenia. These adverse events resulted in poor compliance. Two patients had moderate toxicities, including nausea and anorexia; however, even these patients were reluctant to undergo further chemotherapy. The general fragility of the patients may have contributed to their poor compliance.
We also observed TRM in two patients. One experienced sepsis with severe neutropenia following the first cycle. Another patient succumbed to the disease suddenly following the second cycle, complaining of abdominal pain. The cause of mortality was not certain, but a thromboembolic event may have been the cause. These adverse events resulted in the discontinuation of the second-line therapy in these vulnerable patients. This issue should be considered in designing future clinical studies of advanced pancreatic cancer patients.
In the present study, we observed that the advanced pancreatic cancer patients progressed rapidly and that the general condition of the patients often deteriorated rapidly to perform additional chemotherapy cycles. Thus, prospective studies of palliative second-line therapy in patients with pancreatic cancer using combinations of novel or biological agents should consider the expectation for the worsening of the PS of the patients. Additionally, patients with good prognostic factors, as suggested by Nakachi et al (3) , including a good PS, lower serum C-reactive protein levels and no peritoneal dissemination, should be considered as initial candidates for second-line chemotherapy in advanced pancreatic cancer.
In conclusion, this prospective combination chemotherapy study of S-1 and cisplatin did not demonstrate promising antitumor activity. Additionally, moderate toxicity profiles, with two cases of TRM, and poor compliance were observed in patients with advanced pancreatic cancer. In future studies, dose and schedule modification, as well as patient selection, are necessary for the precise evaluation of the effects of S-1 plus cisplatin on pancreatic cancer.
